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LONG-TERM  GOALS 

The  long-terms  goals  of  the  research  are  to  understand  and  parameterize  the  physics  of  air  -sea 
interaction,  and  in  particular  wind-wave  interaction.  The  effort  is  primarily  experimental,  based  on 
measurements  over  the  sea  under  a  variety  of  wind- wave  conditions.  Applications  are  to  EO 
propagation  and  scintillation  over  the  ocean. 

OBJECTIVES 

The  objective  is  to  develop  similarity  parameterizations  of  air-sea  interaction  and  the  MABL. 
Underlying  this  is  the  improvement  of  the  basic  understanding  of  wind-wave  physics. 

APPROACH 

The  approach  is  in-depth  analysis  of  the  wind,  turbulence  and  wave  data  obtained  in  the  Marine 
Boundary  Layers  ARI  experiment  from  R/P  FLIP.  Approximately  7  GB  of  data  were  obtained. 
Spectral,  statistical  and  other  analyses  are  applied  to  the  data  to  determine  the  physics  of  wind-wave 
interaction  and  parameterizations  of  air-sea  interaction. 

WORK  COMPLETED 

Phase  averaging  techniques  were  developed  to  extract  the  wave-coherent  signals  submerged  in  the 
larger  turbulent  wind  signals.  Hilbert  transform  and  zero-crossing  methods  were  applied  to  the  MBL 
data  set.  Wind  profiles  and  wind  stress  variations  were  determined. 

RESULTS 

The  wind  profile  generally  is  similar  to  that  in  the  surface  layer  over  land  -  i.e.,  a  semi-logarithmetic 
variation  of  speed  with  height  -  except  at  low  wind  speeds  with  a  large  swell  sea  running.  In  these 
conditions,  the  profile  exhibits  less  shear  near  the  surface  and  stress  co-spectra  indicate  a  transfer  of 
momentum  from  the  waves  to  the  wind  at  the  peak  swell  frequency. 

The  basic  tenet  of  surface-layer  turbulence  theory  is  that  the  stress  is  constant  with  height,  to  within 
about  10%.  Stress  divergence  is  neglected.  Scaling  theory  suggests  that  the  height  of  the  surface 
should  increase  with  the  magnitude  of  the  stress.  However,  the  stress  divergence  results  from  the  MBL 
experiment  show  the  opposite.  At  low  winds  (low  wind  stress),  divergence  is  negligible.  It  increases 


Report  Documentation  Page 

Form  Approved 

OMB  No.  0704-0188 

Public  reporting  burden  for  the  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources,  gathering  and 
maintaining  the  data  needed,  and  completing  and  reviewing  the  collection  of  information  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this  collection  of  information, 
including  suggestions  for  reducing  this  burden,  to  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and  Reports,  1215  Jefferson  Davis  Highway,  Suite  1204,  Arlington 

VA  22202-4302  Respondents  should  be  aware  that  notwithstanding  any  other  provision  of  law,  no  person  shall  be  subject  to  a  penalty  for  failing  to  comply  with  a  collection  of  information  if  it 
does  not  display  a  currently  valid  OMB  control  number 

1.  REPORT  DATE 

30  SEP  1999  2' REPORT  TYPE 

3.  DATES  COVERED 

00-00-1999  to  00-00-1999 

4.  TITLE  AND  SUBTITLE 

Wind-Turbulence-Wave  Interactions 

5a.  CONTRACT  NUMBER 

5b.  GRANT  NUMBER 

5c.  PROGRAM  ELEMENT  NUMBER 

6.  AUTHOR(S) 

5d.  PROJECT  NUMBER 

5e.  TASK  NUMBER 

5f.  WORK  UNIT  NUMBER 

7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

University  of  California,  Irvine, Departments  of  Mechanical  Engineering 
and  Earth  System  Science, Irvine, CA, 92697-3975 

8.  PERFORMING  ORGANIZATION 

REPORT  NUMBER 

9.  SPONSORING/MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 

10.  SPONSOR/MONITOR'S  ACRONYM(S) 

11.  SPONSOR/MONITOR'S  REPORT 
NUMBER(S) 

12.  DISTRIBUTION/AVAILABILITY  STATEMENT 

Approved  for  public  release;  distribution  unlimited 

13.  SUPPLEMENTARY  NOTES 

14.  ABSTRACT 

15.  SUBJECT  TERMS 

16.  SECURITY  CLASSIFICATION  OF:  17.  LIMITATION  OF 

_ _ _  ABSTRACT 

18.  NUMBER  19a.  NAME  OF 

OF  PAGES  RESPONSIBLE  PERSON 

a  REPORT  b  ABSTRACT  c  THIS  PAGE  Same  OS 

unclassified  unclassified  unclassified  Report  (SAR) 

3 

Standard  Form  298  (Rev.  8-98) 

Prescribed  by  ANSI  Std  Z39-18 


with  wind  speed,  and  at  15  m/sec  there  is  a  40%  decrease  of  the  stress  between  the  surface  and  18m 
height.  This  is  presumably  due  to  a  non-linear  response  from  the  generation  and  maintenance  of  wind 
waves.  The  stress  profile  for  4  ranges  of  stress  are  shown  in  Figure  1. 
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Figure  1:  Stress  profiles  for  4  ranges  of  stress  (u  *,  m/sec)  from  the  MBL  FLIP  experiment.  Stress 
divergence  increases  as  wind  speed  (stress)  increases.  Results  are  shown  for  each  level  as  “box 

plots,”  which  show  the  mean  and  extent  of  scatter. 

IMPACT/APPLICATIONS 

The  impacts  of  the  research  will  be  in  the  improvement  of  the  basic  understanding  of  air-sea 
interaction  processes  in  particular  the  physics  of  wind-wave  coupling.  The  research  will  lead  to  better 
parameterizations  of  air-sea  interaction,  such  as  the  wind  stress,  through  incorporation  of  wave  effects. 

The  result  of  significant  stress  divergence  in  the  lower  20  m  above  the  waves  in  high  winds  suggests 
that  the  traditional  application  of  a  drag  coefficient  formulation,  which  assumes  a  constant  stress  layer, 
will  have  to  be  changed.  Past  data  of  wind  speed  and  stress  at  the  canonical  height  of  10  m  would  have 
under-estimated  the  surface  wind  stress.  The  results  should  have  impact  on  wave  forecasting  models 
and  large-scale  weather  models. 


TRANSITIONS 


The  Navy  Space  and  Naval  Warfare  Systems  Command,  SPAWAR,  contacted  us  about  measurements 
of  wave  effects  on  radar  and  optical  propagation  in  the  surface  layer  over  the  ocean.  Propagation 
measurements  have  implied  that  there  are  possible  significant  effects  of  surface  waves  on  ducting  for 
moderate  to  high  wind  speeds.  Several  meetings  were  held  and  an  integrated  experiment  was  planned, 
Rough  Evaporation  Duct,  to  be  centered  on  the  Research  Platform  FLIP  in  fall  2001. 

RELATED  PROJECTS 

Temperature  and  humidity  data  from  the  MBL  FLIP  project  were  analyzed  with  the  phase-averaging 
Hilbert  transform  technique  and  revealed  fluctuations  coherent  with  the  waves.  Therefore  there  are 
fluctuations  in  the  refractive  index  of  moist  air  at  wave  frequencies,  which  will  affect  EO  propagation 
over  the  sea. 
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